Keratinocytes were isolated from neonatal epidermis as described (Riemondy et al, 2015). Keratinocytes were initially plated on a NIH-3T3 subclone J2 feeder layer for three passages, after which continuously proliferating keratinocytes were propagated in the absence of feeder layer support. Keratinocytes were grown in the presence of E-Low Media with 0.05 mM Ca ++ at 37°C in 5% CO 2 . Lentiviral shRNA knockdowns were performed using PLKO shRNA constructs (See Table S2 for shRNA information). Lentivirus was generated by transiently transfecting HEK-293FT cells with pVSVG, psPAX.2, and relevant PLKO constructs at a 1 : 2.5 : 4 mass ratio using MiRus Bio LT1 (Mirus Bio LLC). Retroviral Msi2 overexpression was performed using MIGR-Vector and MIGR-Msi2 constructs (Jackson et al, 2013).
Sciences). X-ray films were used to detect the signal, scanned and processed with Image J software. qPCR was performed on Trizol extracted RNA using SuperScript III RT kit (Life Technologies) and a BioRad CFX-384 machine. Relative expression were computed using ΔΔCq method normalized to Hprt and Gapdh values with error bars denoting standard error of the mean. See Table S2 for qPCR primer information.
RIP-qPCR
RNA Immunoprecipitation followed by qPCR was performed as follows.
One 15cm plate of cultured keratinocytes was harvested via scraping and stored at -80˚C until lysis with non-denaturing lysis buffer (2mM EDTA, 20mM Tris-HCl, 137mM NaCl, 1% NP-40, 1x Pierce Protease Inhibitor Cocktail, 40U/µL RNase OUT). The lysate was split and added to 25µL Protein G Dynabeads (Thermo Fisher) pre-bound with 5µg Anti-Msi2 antibody or Rabbit IgG (Table S2 for antibody information). Antibody-bead, lysate mix was allowed to incubate for 2 hours at 4˚C.
The supernatant was removed and the beads were washed three times with NT2 buffer (50mM Tris-HCl, 150mM NaCl, 1mM MgCl 2 , 0.05% NP-40) before the RNA was extracted using Trizol (Thermo Fisher). An aliquot of Total lysate and supernatant was taken for RNA extraction via Trizol and western blotting for determining the efficiency of the IP. RNA samples were subsequently used for qPCR (Table S2 for qPCR primer sequences). Relative enrichment was calculated as enrichment over IgG control using Gapdh and Hprt as non-target controls.
Quantifying Cellular Motility
Keratinocytes were transiently transfected with the pREX-H2B-mCherry plasmids and plated at a density of 400 cells/mm 2 on fibronectin coated glass bottom 96-well plates (Matrical Bioscience, MGB096-1-2-LG-L). After 24 hours, time lapse imaging was performed using an ImageXpress MicroXL (Molecular Devices), where an image of the mCherry channel (Excitation=562/40 nm, Emission= 641/75 nm) was acquired every 15 minutes for 4 hours for each condition in parallel. Time-lapse videos were analyzed as previously described using the Pathfinder program (Chapnick et al, 2013) . Displaying of tracks was achieved using Pathfinder positional outputs for each cell, where each track for each cell was centered at coordinate (0, 0) using MATLAB in order to display normalized tracks. Data displayed represents one of two independent experiments done in triplicate, where each trial measures at least 200 cells. Error displayed depicts the standard error of the mean for three trials. The p value was calculated using t-test assuming equal variances in Excel.
Immunofluorescence and Immunocytochemistry
OCT skin tissue sections (10 µM) were fixed for 10 minutes with 4%
Paraformaldehyde at room temperature, washed three times for 5 minutes with PBS, and blocked for 10 minutes using Gelatin Block (0.1% Triton X-100, 2% gelatin, 2.5% normal goat serum, 2.5% normal donkey serum, and 1% BSA in PBS).
Sections were incubated with the following primary antibodies in blocking buffer overnight at 4°C: Keratin 5 (Krt5), E-cadherin (Cdh1), and Musashi-2 (Msi2) (See Table S2 for antibody information). Following three 10 minute washes in PBS, sections were incubated with appropriate Alexa-Fluor secondary antibodies (1:2000)
for 1 hour and washed two times for 5 minutes with PBS. Sections were incubated with Hoechst Dye for 10 minutes and mounted in Vectashield Anti-fade solution.
For focal adhesion staining, keratinocytes were sparsely plated on 1 µg/ml Fibronectin coated #1.5 thickness coverslips. Cells were fixed in 4%
Paraformaldehyde with 0.5% Triton-X-100 in PBS at 37˚C for 10 minutes, followed by three PBS washes and storage at 4˚C for at least overnight. Cells were next blocked for 10 minutes in the Gelatin Blocking Buffer at room temperature, then incubated with mouse anti-Vinculin antibody in Gelatin Blocking buffer for 2 hours at room temperature (See Table S2 for antibody information). Coverslips were next washed 3 times with PBS for 10 minutes, followed by co-incubation with Alexaflour-488 anti-mouse IgG1a secondary antibody at 1:2000 and Phalloidin-Alexafluor-647
at 1:50 in Gelatin Blocking Buffer for 1 hour. Coverslips were washed twice with PBS for 10 minutes followed by incubation with Hoechst Dye for 10 minutes and mounted with VectaShield anti-fade.
Microscopy
Microscopy images for skin sections were taken using a Leica DM5500B microscope with a Hamamatsu C10600-10B camera and processed with the Leica image analysis suite, MetaMorph (MDS Analytical Technologies). The ImageJ/FIJI software package was used to stich together > 40 images using the Pairwise Stitching function to produce the skin wound images presented.
Microscopy for detecting focal adhesions was performed on a Nikon A1 laser scanning confocal using a 100x/1.49 NA objective lens at the CU Boulder Light Microscopy Core Facility. For each image acquired 9 optical slices of 0.125 microns were taken through the focal plane containing focal adhesions. Each Z-stack was converted into a 2D representation by taking the maximum intensity at each pixel.
Presented micrographs were further processed to adjust brightness and contrast values. Identical microscope settings and image analysis parameters were used for all images presented. For quantifying focal adhesions, an ImageJ/FIJI macro was constructed that counted focal adhesions in the following manner. To exclude partially imaged cells on the image boundary the following steps were performed.
Maximum intensity projections of Phallodin staining were auto contrasted ("Enhance Contrast", "saturated=0.35"), then thresholded using the mean method (setAutoThreshold("Mean dark")). Thresholded images were converted to masks, and the binary operations Dilate, Close-, and Fill Holes were used to identify cellular regions. The Analyze Particles function was then applied to exclude regions that fell below a size threshold (size=1200-Infinity circularity=0.00-0.99). These masked regions were next overlaid on the Hoechst and Vinculin images to exclude noncellular regions (setPasteMode("AND")). Next, the number of cells within each image was calculated as follows. The DAPI maximum intensity projection was processed with CLAHE to enhance local contrast ("Enhance Local Contrast (CLAHE)", "blocksize=75 histogram=256 maximum=6 mask=*None* fast_less(accurate)") then auto contrasted ("Enhance Contrast", "saturated=0.35"), and thresholded using the default method (setAutoThreshold("Default dark")). Nuclei counts were obtained by performing the Analyze Particles function ("size=25-Infinity circularity=0.00-1.00 show=Masks display summarize"). The nuclei counts were manually inspected after analysis and corrected when errors occurred. Lastly, the number of focal adhesions was calculated using methods from on a previously published protocol for counting focal adhesions (Horzum et al, 2014) . Briefly, the maximum intensity projections of Vinculin staining underwent the following processing steps: 1) Background subtraction ("Subtract Background...", "rolling=50 sliding")
2) CLAHE ("Enhance Local Contrast (CLAHE)", "blocksize=19 histogram=256 maximum=6 mask=*None* fast_less(accurate)")
3) Exponentiation ("Exp") 4) Autocontrasting ("Enhance Contrast", "saturated=0. The number of focal adhesions per image was then divided by the number of nuclei to obtain a focal adhesion count per cell per image count.
Ribosome Profiling and RNA-seq Analysis
Ribosome profiling raw reads were first trimmed to remove 3' adaptor sequence (CutAdapt, default settings) and filtered to only retain sequences at least 20 nucleotides in length. Filtered reads were then aligned to remove contaminating ncRNAs by sequential Bowtie alignment (default settings) to an rRNA database (Illumina iGenomes, mm10), tRNA database (UCSC Figure S10 .
RNA-seq raw reads were first trimmed to remove 3' adaptor sequence (GATCGGAAGAGCACACGTCTGAACTCCAGTC, CutAdapt, default settings).
Reads were then aligned to the mouse genome with Tophat with a supplied .gtf transcript annotation file (Illumina iGenomes, mm10) (settings = --bowtie1 --librarytype fr-firststrand). Alignments uniquely overlapping coding sequences were counted with HTSeq Count (settings = -s reverse -t CDS). Differential expression was calculated with DESeq using default settings. Alignment statistics are shown in Figure S10 . Transcripts with at least a BaseMean of 10 in the shScr libraries in both Ribosome profiling and RNA-seq were used for downstream analysis. Translation efficiency was calculated as the ratio of the average reads per million for Ribosome profiling and RNA-seq data. Cumulative fractions were computed using the ecdf() function in R. Msi2 targets were defined as the subset of genes that were upregulated in both the RNA-seq and Ribosome Profiling datasets (FDR <0.05) and contain a high-confidence 3'UTR Msi2 HITS-CLIP peak. Target genes were ranked by ranking genes based up degree of upregulation in the Ribosome Profiling data and the RNAseq. The ranks for each dataset were summed, and targets genes were then ranked by the gene with the high summed rank with ties being decided by the gene with the largest number of total 3'UTR HITS-CLIP Reads.
Msi2-HITS-CLIP peak identification
Raw reads were first filtered to keep only high quality sequences (CIMS package, fastq_filter.pl, settings = -f mean:0-24:20), then trimmed to remove 5' and 3' adapter sequences (Cutadapt, default settings) (Table S2 for oligo sequences).
Sequence duplicates were next discarded to remove reads arising from PCR duplicates, followed removal of the 2 NN's introduced by the adaptors from the 5' and 3'. Reads were next aligned to the mouse genome (mm10) using Novoalign Peaks were annotated to the genome using combined Gencode (VM4) and UCSC (mm10) annotations downloaded from UCSC 
Motif Searching
Msi2 HITS-CLIP 3'UTR binding sites were used to identify de novo motifs.
A region extending 20 nucleotides 5' and 3' of the peak summit was selected for motif searching. De novo motif searching for 3-9mers was performed using HOMER with sequence auto-normalization methods disabled with a supplied background analyzed as flanking regions as a background control in addition to randomly selected 3'UTR regions which were defined as described above.
Analysis of publically available datasets:
Msi2-HITS-CLIP analyzed datasets were downloaded from GSE64388 and GSE62115 GEO datasets. For GSE64388 datasets, all 3'UTR HITS-CLIP peaks identified in all wild-type and Msi2 transgenic HITS-CLIP datasets were used for the analysis. For GSE62115 datasets, human gene symbols were converted to mouse homologs using a database downloaded from Ensemble BioMart and only genes with 3'UTR localized Msi2 binding sites were used for the analysis. GO analysis was performed using DAVID with Gene symbols as input.
IPA analysis
Ingenuity Pathway Analysis was performed on datasets filtered for upregulated genes in RNA-seq, Ribo-seq, HITS-CLIP, and combined datasets with RNA/Ribo-seq and RNA/Ribo-seq HITS-CLIP targets as illustrated in Figure 4 .
Only experimentally observed relationships were considered. IPA build version 346717M was used for the analysis. Analysis references were set to Ingenuity
Knowledge Base (Genes Only) with all cell types and mammals selected. Direct and indirect relationships were included. Data shown was taken directly from Summary of Analysis output in IPA.
Animals
Mice were bred and housed according to the guidelines of IACUC at a pathogen-free facility at the University of Colorado (Boulder, CO, USA). Tissues were harvested for immunofluorescence as previously described (Yi et al, 2006) . All procedures involving mice were approved under IACUC protocol 1408.01.
Statistical Analyses
All statistics were computed using either R or Excel. Statistical tests performed for each experiment is listed in the figure legends. For two sample, student t-tests, normality was assumed and two-way equal variance tests were performed. For qPCR experiments, the mean of all technical replicates was computed and used to represent one independent value for statistical testing. For analyses of empirical cumulative distributions, two-way Kolmogorov-Smirnov tests were used unless indicated in the figure legend. Sample sizes were chosen based prior knowledge of variability in each assay. The investigators were not blinded to sample identity during sample collection, processing, and analysis. 
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